T was isolated from pebbles collected from Pingleshwar beach, Gujarat, India.
In the year 1872, Cohn described the genus Bacillus for the first time. The existence of members of this genus can be traced in various environmental niches like fresh and marine water, marine sediments (You et al., 2013) , hot springs, terrestrial and arctic soils, desert sands and even stratosphere (Shivaji et al., 2006) . These bacteria belong to the family Bacillaceae of the phylum Firmicutes, and are typically spore-forming, Gram-stain-positive rods, either obligately aerobic or facultatively anaerobic, resulting in them being ecologically diverse. The group of bacteria dwelling at the interiors of rocks are designated to be endolithic organisms of these unique niches (Walker et al., 2005) . With an interest to catalogue the bacterial diversity of endolithic bacteria, strain JC267
T was isolated on an oligotrophic medium from a pebble collected from Pingleshwar beach, Gujarat, India. 16S rRNA gene sequence analysis indicated the affiliation of the isolate to the genus Bacillus. In this study based on a polyphasic approach, we describe the taxonomic status of strain JC267
T as representing a novel species of the genus Bacillus.
During our sampling expedition, pebbles were collected from Pingleshwar beach, Gujarat, India (238 49 590 N 688 489 270 E). Pebbles were carefully washed several times with sterile distilled water followed by equal washes with sterile MiliQ (Merck Millipore). To remove the epilithic micro-organisms, pebbles were subjected to surfacesterilizing agents H 2 O 2 (3 %, v/v), NaOCl (4 %, v/v) and HgCl 2 (0.5 %, w/v) (1 : 1 : 1, by vol.), and incubated for 5-6 h, as described previously (Parag et al., 2013) . The surface-sterilized pebbles were washed thoroughly with sterile MiliQ water and finally ground to powder using an autoclaved mortar-pestle aseptically. The powdered pebbles were suspended in sterilized extraction buffer (Horath & Bachofen, 2009 ) and sonicated for 40-45 min. A 100 ml aliquot of the sonicated extraction buffer was added to oligotrophic mineral medium [1/10 of basal salts used previously (Lakshmi et al., 2011) ] containing pyruvate (0.001 %, w/v) and NH 4 Cl (0.001 %) as carbon and nitrogen sources, respectively. Turbidity was observed in the broth after incubation for 1 week at 30 8C. An aliquot (100 ml) of the enrichment was spread plated on oligotrophic mineral medium supplemented with 2 % ultrapure agar and incubated at 30 8C as previously described (Parag et al., 2013) . Strain JC267 T appeared as wheatish colonies which were subsequently purified on marine agar 2216 IP: 54.70.40.11
On: Thu, 14 Feb 2019 21:10:09 (MA; Difco) where the colony colour was light brown for the initial 3-4 days and dark brown thereafter. For preservation, 20 % (v/v) glycerol solution stocks at 220 8C and agar slants streaked with purified culture maintained at 4 8C were used. Reference strains used for comparative taxonomic analysis were Bacillus halosaccharovorans IBRC-M 10095 T (5E33 T ) and Bacillus niabensis JCM 16399 T (54T19 T ), which were procured from IBRC, Iran and JCM, Japan culture collections, respectively.
The 16S rRNA gene of strain JC267
T was amplified by colony PCR, where a purified colony was directly suspended in PCR Master Mix (Genei make) containing Recombinant Taq polymerase. Universal 16S rRNA gene primers 27F (59-GTTTGATCCTGGCTCAG-39) and 1525R (59-AGAAAGGAGGTGATCCAGCC-39) were used in the thermal profile described previously . Phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarity was calculated using EzTaxon-e server BLAST analysis (Kim et al., 2012 Sequence alignment was done using the MUSCLE program (Edgar, 2004 ) of MEGA version 6 software, and the phylogenetic analyses were also obtained using MEGA version 6 (Tamura et al., 2013) . The Kimura-2 correction parameter was used to calculate distances in a pairwise deletion manner (Kimura, 1980) . Neighbour-joining, maximumlikelihood and minimum-evolution methods of MEGA version 6 software (Tamura et al., 2013) Fig. 1 ; neighbour-joining and minimum-evolution trees are shown in Figs S1 and S2, respectively (available in the online Supplementary Material).
The taxonomic relationship of strain JC267
T and B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399
T was determined by percentages of DNA-DNA reassociation obtained in the DNA-DNA hybridization procedure of Tourova & Antonov (1987) as described previously (Subhash et al., 2014) . According to the analysis, the DNA-DNA reassociation values of strain JC267
T with B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399
T were 26¡1 % and 34¡3 %, respectively. The lower percentages of DNA-DNA relatedness justifies and delineates strain JC267
T from the closely related species of the genus Bacillus. The method of Marmur (1961) was followed to extract the genomic DNA and the DNA G+C content of strain JC267
T , determined using HPLC (Mesbah et al., 1989) , was 45.5 mol%. The DNA G+C content of strain JC267
T is within the range previously described for the genus Bacillus, but is higher than that of
Bacillus niabensis 4T19 T (AY998119)
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Bacillus cibi T and closely related species. The trees was reconstructed by the maximum-likelihood (ML) method using MEGA 6 software (Tamura et al., 2013) T were rough, running type, non-elevated, whitish and had a serrated margin. All three strains formed colonies of almost the same diameter (2-3 mm) under similar growth conditions. The difference in colony colour was also consistent when the cultures were grown in broth. A phase-contrast microscope (BH-2; Olympus) was used to observe cell shape, size, motility and endospores. Gram-staining was performed according to the protocol of Smibert & Krieg (1981) and endospores were stained by the SchaefferFulton staining method (Murray et al., 1994) . Cells of strain JC267
T were short slender rods, 0.4-0.6 mm in width and 4-5 mm in length, Gram-stain-positive, and formed single sub-terminal endospores in swollen ellipsoidal to oval sporangia (Fig. S3) . Cells of strain JC267 T were non-motile as determined by observing cells under the microscope at different phases of growth, and confirmed by the hanging-drop method where Escherichia coli was used a positive control.
The optimum pH for growth of strain JC267
T was pH 7.0 and the range for growth was pH 5 to pH 8 when the strain was cultured in K 2 HPO 4 /KH 2 PO 4 buffered medium at intervals of 0.5 pH units. To determine the optimum growth temperature, broth cultures were incubated at 4-40 8C at intervals of 5 8C. The optimum temperature for growth was 35-40 8C. Growth at different NaCl concentrations was tested in growth medium containing 0-15 % (w/v) NaCl (at intervals of 1 %) with the pH adjusted to 7.0. Strain JC267 T could grow in the presence of 2-10 % NaCl, with an optimum requirement of 3 % NaCl. Anaerobic growth was determined on MA supplemented with 3 % NaCl, pH adjusted to 7 and using anaerobic systems. Biochemical tests including hydrolysis of starch, gelatin, casein, aesculin, tyrosine, xanthine, hypoxanthine and Tweens 20, 40 and 80, urease, nitrate reduction, VogesProskauer test, methyl red test, H 2 S and indole production, and oxidase and catalase activities were assayed as recommended previously (Oren et al., 1997; Cappuccino & Sherman 1998; Smibert & Krieg, 1994 ). Vitamins were not required for growth of strain JC267 T . Strain JC267 T was positive for hydrolysis of starch, xanthine, hypoxanthine and Tweens 20, 40 and 80, reduction of nitrate to nitrite, and urease activity. Negative reactions were observed for hydrolysis of casein, aesculin and tyrosine, gelatin liquefaction and production of indole and H 2 S. Strain JC267 T showed facultative anaerobic growth and was oxidase-, catalase-and methyl red-positive and Voges-Proskauer-negative.
Acid production from carbohydrates and utilization of carbon and energy sources was performed according to the method described previously (Ventosa et al., 1982) . Acid was produced from glucose, sucrose, pyruvate, lactose, ribose, fructose and maltose by strain JC267 T ; acid was not produced from galactose, mannitol or xylose. Strain JC267
T could utilize arabinose, D-glucose, D-mannose, lactose, D-ribose, sucrose, D-mannitol, L(-)-fructose, D-fructose, starch, glycerol, proline and L-glutamine for growth. However, D-galactose, maltose, D-sorbitol, cellobiose, rhamnose, D-xylose, glycine, L-arginine, phenylalanine, tyrosine, glycine, sorbitol, DL-serine, L-glutamic acid, sodium succinate, DL-aspartic acid, phenylacetic acid, maleic acid and formic acid were not utilized for growth as sole source of carbon or energy.
Antibiosis of strain JC267
T was tested by using the disc diffusion method on MA supplemented with 3 % NaCl and discs impregnated with antibiotics (HiMedia Laboratories). The zone of clearance/inhibition with respect to the antibiotics used was observed and results were recorded as per the manufacturer's instructions. Strain JC267
T was resistant to penicillin G (10 mg), polymyxin B (300 mg) and nalidixic acid (30 mg), and sensitive to tetracycline (30 mg), chloramphenicol (10 mg), kanamycin (30 mg), vancomycin (30 mg), gentamicin (120 mg) and streptomycin (10 mg).
For fatty acids and polar lipids analysis, strain JC267 T , B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399
T were grown in marine broth 2216 and harvested by centrifugation (12 000 r.p.m. for 10 min at 10 8C) when the cells reached 70 % of the optical density (100 %50.7 OD at 540 nm, the late-exponential phase of cell growth). Cells were lyophilized and used further for analysis as described previously (Vishnuvardhan Reddy et al., 2013) . The whole-cell fatty acid analysis of strain JC267
T showed anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 14 : 0 , iso-C 16 : 0 , C 16 : 0 and anteiso-C 17 : 0 as major cellular fatty acids (.5 %); considerable amounts ($0.5 and j5 %) of anteiso-C 17 : 0 , iso-C 17 : 0 , C 16 : 1 v7c, C 14 : 0 , C 17 : 0 , iso-C 14 : 0 3-OH, and C 18 : 0 were also present. Major differences are found in the fatty acid composition of strain JC267 T , B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399 T (Table S1 ).Strain JC267
T had high amounts of iso-C 15 : 0 (25 %) _compared to B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399
T where the contents were less than 5 %. The fatty acids iso-C 16 : 0 3-OH, C 15 : 0 2-OH, C 17 : 0 2-OH and iso-C 15 : 0 3-OH could not be detected in strain JC267 T differed from the other two strains by the presence of an additional unidentified lipid (UL1) and the absence of a third glycolipid (GL3) (Fig. S4) . The absence of phosphatidylethanolamine and the presence of glycolipids among the three strains as indicated from the present study and also from earlier reports (Mehrshad et al., 2013) support their phylogenetic clading and relatedness. The presence of glycolipid was also reported previously for Bacillus subtilis subsp. subtilis DSM 10 T (Kämpfer et al., 2006) . The commonalities in polar lipid content of these strains differentiate them from type species of the genus and in future would allow them to be considered for reclassification into a new genus perhaps with more critical experimental evidences. However, at present this strenuous experimental work would prolong the creation of novel taxa from closely related members.
Cell-wall amino acids of strain JC267 T , B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399 T were analysed according to the method described previously (Schleifer & Kandler, 1972; Mc Kerrow et al., 2000) . To extract and analyse the peptidoglycan of cells, the lyophilized mass was subjected to hydrolytic conditions with 4 M HCl at 100-105 8C for 8-10 h and detected by HPLC as described earlier (Subhash et al., 2014) . L-Alanine, D-alanine, D-glutamic acid and meso-diaminopimelic acid were the predominant cell-wall amino acids of all three strains and are in agreement with other members of the genus Bacillus (Zhai et al., 2012; Amoozegar et al., 2013) . Quinone profiling of strain JC267 T was determined by C 18 -HPLC (Ramaprasad et al., 2015) and MK-7 (98 %) was identified as the predominant menaquinone, with a minor amount of MK-6 (2 %) also present. The quinone and peptidoglycan diamino acid of the cell wall of strain JC267
T were typical of those found in members of the genus Bacillus (Mehrshad et al. 2013; Bagheri et al., 2012; Chen et al., 2011) . Based on the distinct morphological, physiological, biochemical, chemical and genomic differences between strain JC267
T and its closest phylogenetic neighbours, B. halosaccharovorans IBRC-M 10095 T and B. niabensis JCM 16399 T , strain JC267 T represents a novel species of the genus Bacillus for which the name Bacillus endolithicus sp. now. is proposed.
Note: Recently a novel species of the genus Bacillus, Bacillus crassostreae, was proposed by Chen et al. (2015) and has a 16S rRNA gene sequence similarity of 97.56 % with strain JC267
T . However, this novel species formed as an outgroup to strain JC267 T and two of its nearest phylogenetic neighbours (Figs 1, S1 and S2) and thus strain JC267
T is phylogenetically distinct from the newly described member of the genus.
Description of Bacillus endolithicus sp. nov.
Bacillus endolithicus (en.do.lith.i9cus. L. prep. endo, in, within; Gr. n. lithos, stone; L. suff. -icus -a -um, suffix used in adjectives with the sense of belonging to; N.L. masc. adj. endolithicus growing within stone).
Colonies on marine agar, appear as wheatish-brown to dark brown and 2-3 mm in diameter with entire margin. Gram-stain-positive, short rods of 0.4-0.6 mm width and 4-5 mm length, non-motile with sub-terminal endospore in swollen sporangia. Facultative anaerobe. Positive for oxidase, catalase and urease activities. Grows in the presence of 2-10 % (w/v) NaCl (optimum 3 %), and at pH 5-8 (optimum pH 7.0). Mesophilic, growth occurs from 15 to 40 uC and optimally at 35-40 uC. Starch, xanthine, hypoxanthine, and Tweens 20, 40 and 80 are hydrolysed. Nitrate is reduced to nitrite. Positive result in methyl red test. Negative for hydrolysis of aesculin, casein and tyrosine, gelatin liquefaction, indole and H 2 S production, and Voges-Proskauer test. No vitamin requirement for growth. Arabinose, D-glucose, D-mannose, lactose, D-ribose, sucrose, D-mannitol, L(-)-fructose, D-fructose, starch, glycerol, proline and L-glutamine are utilized as carbon source for growth. D-Galactose, maltose, D-sorbitol, cellobiose, rhamnose, D-xylose, glycine, L-arginine, phenylalanine, tyrosine, glycine, sorbitol, DL-serine, L-glutamic acid, sodium succinate, DL-aspartic acid, phenylacetic acid, maleic acid and formic acid are not utilized as carbon or energy sources. Acid is produced from glucose, sucrose, pyruvate, lactose, ribose, fructose and maltose, but not from galactose, mannitol or xylose. Polar lipids comprise phosphatidylglycerol, phospholipids (PL1-3), glycolipids (GL1-2) and an unidentified lipid. meso-Diaminopimelic acid is the diagnostic amino acid of the cell wall and L-alanine, Dalanine and D-glutamic acid are also present. The major cellular fatty acids (w5 %) are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 14 : 0 , iso-C 16 : 0 , C 16 : 0 and anteiso-C 17 : 0 ; considerable amounts (i0.5 and j5 %) of anteiso-C 17 : 0 , iso-C 17 : 0 , C 16 : 1 v7c, C 14 : 0 , C 17 : 0 , iso-C 14 : 0 3-OH, and C 18 : 0 are also present. MK-7 is the predominant isoprenoid quinone with minor amounts of MK-6. G+C mol% of the genomic DNA as d.
The type strain is JC267
T (5IBRC-M 10914 T 5KCTC 33579 T ), isolated from inside pebbles collected from Pingleshwar beach, Gujarat, India. The genomic DNA G+C content is 45.5 mol% (by HPLC).
